fragmented habitats into greater contact with humans. Human-induced population declines may 7 be as a result of direct mortality of adults or as a reduction in breeding success. Breeding success 8 can potentially be influenced by many factors, such as prey availability, population density, habitat 9 quality, and meteorological conditions, and additionally by many anthropogenic factors, such as 10 habitat destruction and afforestation with exotic timber (Allan et al. 1997 ). savanna, forest-woodland mosaic and exotic plantations. A previous study estimated 105 breeding 10 pairs to occur in the former "Transvaal" province, which included this study area (Tarboton and 11 Allan 1984) . Permission was granted by the relevant authority, to 12 undertake field studies at each location listed and we can confirm that the field studies 13 did not involve any endangered or protected species. 14 15
Nest location data 16
African Crowned Eagle nests are typically situated in the forks of large trees, often in remote 17 locations (Brown 1966 , Steyn 1982 . Nests used in this study (n=30) were located by local 18 landowners, or by searching on foot through areas with previous sightings of African Crowned 19 Eagles. A number of nests in this sample had been previously monitored by two of the authors and 20 pairs were found to be breeding biennially (G Batchelor and D Steyn). Each nest found was 21 classified as 'active' (incubating adult or chick present), 'post-active' (nest not containing egg or 22 chick but territory still occupied) or 'abandoned' (nest and territory not used in either the current 23 or the previous breeding season). Following the recommendations of Postupalsky (1973), we 1 visited each active nest at least six times during the study to monitor nesting success and the 2 behaviour of adult and juvenile eagles. Active nests were deemed successful if a chick fledged 3 from the nest. 4 
5
For each nest, we recorded the species of tree it was located in, the height of the tree and the height 6 of the nest above the ground (measured using a clinometer). The location and altitude was recorded 7 using a Global Positioning System (GPS) reading taken directly underneath the nest. The distance 8 to the nearest neighbouring nest was calculated using Geographic Information System (GIS) 9 software (ArcView 3.2, Environmental Systems Research Institute); the relatively uniform inter-10 nest distances suggest that few (if any) nests within our study area were overlooked. We 11 categorised the land use and vegetation type surrounding the nest patch (100 m around nest) 12 following Mucina and Rutherford (2006). The minimum distance from the nest to the edge of the 13 nest patch was calculated using GIS to give the shortest distance between the nest and a different 14 land use and vegetation type. Nesting site preferences were explored by comparing the observed 15 number of nests within areas of each vegetation and land use type with the numbers expected 16 according to their proportional areas, after removing types that did not contain any nests ('barren 17 rock', 'degraded', 'mines', 'pasture', 'grassland', 'urban' and 'wetland'). We explored 18 geographical and dietary influences on the probability of nest abandonment in separate analyses 19 due to only having dietary information on 15 of the nests but geographical records for all nests. 20
21

Prey collection and identification 22
The 15 nests used for the dietary analysis comprised eleven that were currently active, and three 1 that had adults present in the territory but were not breeding (but had been active in the previous 2 season) and one in an abandoned territory. Prey remains were collected from below nests. Those 3 at which birds were breeding were visited between four and twelve times, whereas post-active 4 (birds attending to juvenile bird that fledged from the previous season) and abandoned nests were 5 visited just once. In each initial collection, prey remains were gathered by hand from underneath 6 the nest tree up to a radius of 10 m. The collection of prey remains from active nests was carried 7 out by stretching 6 m 2 (3 m × 2 m) of black shade netting directly beneath the nests in order to 8 catch any items falling from them. Netting was hung about a metre above the ground using guy 9 ropes to nearby trees, thus deterring scavengers such as bush pigs (Potamochoerus larvatus) and 10 black-backed jackals (Canis mesomelas) from eating fallen prey remains (D. Steyn personal 11 observation). The nets were erected in November at the start of the study and were taken down in 12 April when any chicks had fledged. Searching the ground surrounding the netting was continued 13 on subsequent visits and ranged from three to eight visits per nest. 14 15 Prey items were identified from skin, hair, hoof and bone fragments. To prevent multiple counting, 16 only bones that were dissimilar in appearance and decay and that were also the same type of bone 17 (e.g. left femur) were recorded as deriving from different individual prey items. 18
19
To assist in prey identification, representative samples of each major bone were studied from the 20 small mammal collection of the Ditsong National Museum of Natural History (formerly the 21
Transvaal Museum), Pretoria, South Africa. The bones of all likely prey species were 22 photographed and compared with the samples collected in this study. Skull fragments were 23 identified to species level, whilst most other bones were identified to the family level. We were 1 unable to identify the age or sex of the prey remains. We categorized the prey at each of the 15 2 nests as: predominantly (>50%) primate, predominantly antelope or no predominant prey type. 3 4
Inter-population dietary comparisons 5
We collated information on the type and number of prey items consumed by African Crowned 6
Eagles from seven studies in eight populations across four different countries (Uganda, Kenya, 7
Ivory Coast and South Africa) in Southern, East and West Africa (Brown 1966 
Data analysis 21
We used logistic analysis (in GenStat version 11, VSN International, Hemel Hempstead, UK) to 22 explore factors affecting the probability of a nest being abandoned. A binary response was defined 23 as 1 if a nest was in an occupied territory (active and post-active nests) and 0 if it was abandoned, 1 with the binomial denominator set as 1 (Crawley 1993 , 2002 , Wilson and Hardy 2002 . Multiple 2 explanatory variables that were highly mutually correlated were not included in the initial model 3
to avoid interpretational problems due to collinearity (Grafen and Hails 2002, Quinn and Keough 4 2002). Spearman's rank correlation was used to identify correlations between variables, leading to 5 the exclusion of patch edge distance which was correlated with land patch area (rs = 0.766, P < 6 0.001). Initially, main effects and those first order interactions that could be included without 7 aliasing were fitted. None of the interaction terms were significant so we present the results 8 deriving from the analysis of an initial model containing main effects only. 9
10
We also performed a logistic analysis on those nests that were active during our study season. A 11 binary response for nesting success was defined as 1 for a pair that raised a chick to fledging and 12 0 for a pair that failed in a nesting attempt. Again, only one of each set of highly mutually correlated 13 explanatory variables was included. 14 15 Post-hoc power analyses (Quinn and Keough 2002) were used to estimate the relative power of 16 the statistical tests used, using the G*Power statistical programme (version 3.1, University of Kiel, 17
2008), to ascertain whether our tests could detect a low or medium influence of the variables. We 18 chose not to include the analysis of a large influence because if a test could not detect a small 19 difference then it would certainly not detect a large influence. 20
21
The potential relationship between prey diversity and the geographical latitude of study 22 populations was evaluated using a Spearman's rank correlation test (Zar 1984) and latitudinal 23 variation in the proportion of primates in the diet was explored using logistic regression of grouped 1 binary data corrected for over-dispersion, using an empirically estimated scale parameter, due to 2 the greatly varying total prey numbers reported in each study (Crawley 1993 Nesting sites and habitat 7
We located a total of thirty African Crowned Eagle nests; however two were not included in the 8 analyses concerning site and habitat due to the fact that they were separated from the other nests 9
by a large, unsearched, area. Of the remaining 28 nests: six (21.4%) were in exotic trees (five 10
Eucalyptus grandis and one Pinus patula), 22 (78.6%) were in indigenous trees, and one was in 11 an unidentified tree. Indigenous nest tree species (with number of nests located) included: 12
Breonadia salicina (7), Anthocleista grandiflora (3), Cussonia spicata (3), Prunus africana (3), 13
Harpephyllum caffrum ( Of the 28 nests used in this analysis, eight had been abandoned with no breeding attempt having 5 been made over the previous two breeding seasons (G Batchelor and D Steyn pers. obs.). At six 6 sites the nest was post-active with the parents feeding a fledged offspring from the previous 7 breeding season within the territory. The remaining 14 active nests had parents attempting to rear 8 a chick that had hatched during the study season; this does not differ significantly from the null 9 expectation of equality for a biennially (i.e. once every 24 months) breeding species (2-tailed 10 binomial test, P = 0.115). 11
12
For geographical variables, the probability of nest abandonment decreased with increasing 13 distance from nearest neighbour nesting site (Table 1) but was uninfluenced by land use type, patch 14 area, vegetation type or the exotic or indigenous nature of the nesting tree (Table 1) . Prey 15 composition (whether the diet was predominantly primate, antelope or without a predominant prey 16 type) had no significant (P = 0.063) influence on the probability of nest abandonment (G = 0.74, 17
Active nest success 20
None of the pairs that bred during our study year had been active the previous year, leading to the 21 conclusion that the pairs in the study population were biennial breeders. Analysis of nesting 22 success, using the sub-set of 14 active and post-active nests, identified no significant influences of 23 the variables explored. One explanation for this is that small sample size (n = 14) greatly increased 1 the probability of type II error. Indeed, post-hoc power tests revealed that the power of our analyses 2 were lower (n = 14, effect size = 0.15 [medium], P = 0.18; and effect size = 0.02 [low], P = 0.07), 3 than 0.8, which is specified as a minimum level for confidence of not having committed a type II 4 error (Smith et al. 2011). We also tested the abandonment analysis (nest usage, n = 28) and the 5 results were similar (effect size = 0.15 [medium], P = 0.39; and effect size = 0.02 [low], P = 0.09). 6
As above, the influence of diet was only marginally non-significant, again suggesting that in the 7 future a more detailed data set may reveal an underlying ecological effect. 8 9
Prey remains at nests 10
A minimum of 75 individuals were recognised from the 156 identifiable prey items (Table 2) . Only 11 one prey individual belonged to a non-mammalian species (a monitor lizard) making the 12 mammalian component 98.7% of the individuals identified in the diet. The main prey type was 13 small antelope, of which red and grey duikers made up the bulk (52%) of the remains. This was 14 followed by monkeys and other prey remains comprised a diverse group of small carnivores, 15 rodents and hyraxes (Table 2) . 16 17 During the study we made two direct observations of prey being brought to a nest. These were at 18 the same nest and the prey was a vervet monkey in both instances. Cercopithecidae was the most common prey family across all studies (38.4%), with the Bovidae 5 second (29.8%) and the Procaviidae third (13.4%). Prey compositional data (Fig. 3) Boshoff et al. 1994) all observed that primates were less preyed upon than the Bovidae, 10
Herpestidae and Procaviidae. The cluster analysis, taking the entire range of all prey species into 11 account (Fig. 4) , indicated that the two most closely similar dietary studies were from the Kibale 12 other populations due to a large range of prey species consumed at low frequency, and with a 17 predominance of predation on primates. Indices of prey diversity (SDI) ranged between 0.23 and 18
0.69, with the lowest prey diversity observed in Ugandan populations and the highest in South 19
African populations (Fig. 3) . The suggested relationship between prey diversity and geographical 20 latitude was, however, marginally non-significant (rs = -0.601, df = 6, P = 0.081). In terms of the 21 proportion of primates in a population's diet, there was a highly significant increase with 22 increasing latitude, south to north (logistic regression corrected for overdispersion: F(1,7) = 91.31, 1 P < 0.001, Deviance explained = 97.06%). foreshadowed by Tarboton and Allan (1984) . 13 14 Contrary to our expectations, nest abandonment decreased with increasing neighbour distance. We 15 hypothesize that the reason for decreasing abandonment with increasing isolation could be that 16 where African Crowned Eagles are present at higher densities, they are more likely to abandon 17 nests due to the intra-specific competition. Simmons (1993) discusses this in a population of 18 Wahlberg's Eagles in Africa, finding that pairs in high densities of conspecifics produced half as 19 many young annually as those in low densities. However, Simmons (1993) found that 20 supplementary feeding of nonbreeding pairs did not induce a breeding attempt and that adaptive 21 constraint caused the decrease in reproduction. The finding that abandonment probability is 22 unrelated to land use types concurs with that of Allan et al. (1997) but contrasts with Barnes (2000) 23 who suggested that plantations are the main factor responsible for the population decline of the 1 African Crowned Eagle in South Africa, perhaps as a result of reduced foraging efficiency due to 2 the absence of their prey base in such plantations. Note, however, that in our study, most of the 3 pairs categorised (by GIS) as nesting within a plantation, had in fact located their nests within 4 patches of indigenous forest surrounded by plantation. Hence, despite the fact that the plantation 5 land use type had the highest density of nests (Fig. 2) , the eagles were not actually using the 6 plantation itself for nesting. 7
8
The analysis of factors affecting the breeding success of the active nests did not produce any 9 significant results due to small sample size (n = 14; post-hoc power analyses showed that the 10 statistical tests were not powerful enough given the sample sizes). Hence, we suggest that more 11 research is needed to investigate these relationships further. In particular, we note that the non-12 significant trend which suggests that the proportion of primates in the diet affects nesting success 13 may be biologically meaningful. We did not find any avian prey remains and just a single reptile, which is not surprising given that 17 the African Crowned Eagle is known to be predominantly a predator of mammals (Brown 1976 (Tragelaphus scriptus), as the three main species in their study; these are the same species 6 identified in our study. Furthermore, the statement by Brown et al. (1982) that monkeys are a minor 7 dietary component outside of forests is supported by our study. However, prey remains at three of 8 our nests consisted primarily of primates; even though these nests were in savanna and not forest. 9
This could suggest a preference by some pairs for primate prey. 10
11
The lack of rock hyraxes (Procavia capensis) in the prey analysis is noteworthy, particularly since 12 Jarvis et al. (1980) and Boshoff et al. (1994) showed that populations of African Crowned Eagles 13 in South Africa preyed mainly on hyraxes; however a recent study based on a single nest showed 14 a preponderance of bovids and primates (Symes and Antonites in press). Tarboton and Allan's 15 (1984) study, carried out in the same general area as ours, found hyraxes to comprise a total of 16 29% of the African Crowned Eagle diet, and at one particular nest comprising 67% of prey 17 remains. We suggest that the lack of rock hyrax remains at our studied nests was due to a large 18 population decline of hyrax in our area, which is supported by anecdotal evidence (G. 
